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• The European Synchrotron Radiation Facility 
 

Bird’s Eye View of the Polygone Scientifique Louis Néel and adjacent  
research areas, hosting the ESRF, ILL, EMBL, CNRS, CEA, and more. 
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• Machine Parameters  
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Performance figures for the ESRF 
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• Machine Parameters  
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ESRF Machine parameters 
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• Machine Parameters  
 

• Synchrotron Radiation (SR) from bending magnets has a continuous spectrum from infra-red to 
hard X-rays 

• The ESRF bending radius of curvature ρ=23.366 m gives a critical energy εcrit=20.5 KeV 
• SR from insertion devices (IDs) gives enhanced photon flux (wigglers) and/or brilliance 

(undulators) 
 

IMPORTANT FORMULAE: 
 
QUANTITY          ESRF VALUE (@ 200 mA)                             

• Power: P(W) = 88.5·E4(GeV) · I(mA) / ρ(m)    982 KW (excluding IDs) 
• Photon flux: N(ph/s) = 8.08·1017 · E(GeV) · I(mA)  9.70 · 1020 (ph/s) 
• SR-induced gas load:Q(mbar · l/s) =  

= k(ε>10 eV) · N(ph/s) · η(mol/ph) · k1(mbar · l/mol)  η(mol/ph) · 32.17 (mbar · l/s) 
• Desorption yield: η(mol/ph)       10-1 ÷ 10-6 (start-up ÷ well conditioned) 
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• Machine Parameters  
 

BEAM LIFETIME CONSIDERATIONS: 
 

• 1/τ = 1/τ brems + 1//τ Touscheck + 1//τ other 
• Bremsstrahlung: interaction of the 6 GeV electron beam with the residual gas: 

strongly dependent upon atomic number of residual gas molecules 
 

dσ/du ~ 4·α·re
2·Z· (Z+1) ·4/3/u· (1-u+0.75u2) ·ln(184.15/Z1/3) 

 
• Touscheck effect: intra-beam scattering (important at high bunch currents) 
• horizontal and/or vertical aperture of vacuum chambers are important 
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• Conductances 
In a tubulated vacuum system, like that of an accelerator, the following equations hold: 

Q(x) = - w · dP/dt 
dQ/dx = A · q 

where: 
Q = gas flow (mbar · l/s); A = specific surface area (cm2/m); q = outgassing yield (mbar · l/s/cm2); 
w = specific conductance (l · m/s) 
If L(m) is the distance between pumps of equal pumping speed S (l/s), and q and A are constant, 
the following equation for the pressure profile is obtained 

w · d2P/dx2 = - A · q 
which is readily integrated to obtain a useful analytic expression for the pressure profile 

P(x) = ½ · A q / w ·  (2 L x - x2) + A q L/S 
The average pressure is  

<P> = A q L / Seff, where Seff = (1/12 · L / w + 1/S) 
Therefore, even for S ∞ <P> is limited by w! 
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• Conductances 

 
Effective pumping speed as a function of installed speed and distance between pumps 
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•  Conductances 

 
Effect of different specific conductances w (l · m/s) for the same thermal desorption coefficient q 

(mbar · l/s/cm2). The average pressure <P> is inversely proportional to w. 
 

__________________________________________________________________________________________________________ 
13th ICFA Beam Dynamics Mini-Workshop “Beam Induced Pressure Rise in Rings”  

Brookhaven National Laboratory, Upton, NY, USA – Dec 9-12, 2003 
9 / 9 



Review of Vacuum Chamber Design and Pumping Solutions at the ESRF 
Roberto Kersevan, Vacuum Group, Technical Services Division 

ESRF, 38043 Grenoble FRANCE 
http://www.esrf.fr 

___________________________________________________________________________________________________________ 

• NEG-Coated Chambers RADIATION SAFETY REQUIREMENT! (European Directive, 2000) 
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• NEG-Coated Chambers 
Photodesorption measurements on D31 
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• ERFR lattice and vacuum system 
 
The 844 m ring is divided into 32 cells. Each cell has a ~ 6m-long straight section and a ~ 20m-
long common part which hosts the dipole and achromat chambers 

 
The “achromat” cross-section a) is the more common around the ring (~ 50% of it) 
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• ERFR lattice and vacuum system 
Vacuum chambers 

            
a) “achromat” chamber:      b) “10mm” SS chamber 
316LN+OFHC absorber (brazed)    316LN sheet with 50µm Cu  

C = 15.4 l·m/s        C = 1.14 l·m/s 
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• ERFR lattice and vacuum system 
 

Vacuum chambers 

        
c) “15mm” extruded-Al (+NEG)    d) “10mm” extruded-Al (+NEG) 

C = 2.92 l·m/s        C = 0.94 l·m/s 
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• ERFR lattice and vacuum system 
Vacuum chambers 

 

__________________________________________________________________________________________________________ 
13th ICFA Beam Dynamics Mini-Workshop “Beam Induced Pressure Rise in Rings”  

Brookhaven National Laboratory, Upton, NY, USA – Dec 9-12, 2003 
15 / 15 

 “10mm” extruded-aluminum CV5073 on ID6. Also visible are the gate valve and the sliding 
joint/bellows/BPM/absorber chamber (with ion-pump and Penning gauge).  
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• ERFR lattice and vacuum system 
Pumping 

Pumping in the ESRF storage ring is given by ion-pumps (Varian StarCell), NEG-pumps (SAES 
Getters GPx00), Ti-sublimation pumps (Balzers, Varian), and NEG-coatings (CERN, ESRF) 

 
 

Pump location and size along a standard cell 
Crotch absorbers are pumped by one-400 l/s IP and one-GP500 NEG pump 
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• Machine physics issues and vacuum performance 
Bremsstrahlung measurements – ID31 

 
BS measurements on ID31: stainless steel, “10mm” chambers 
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• Machine physics issues and vacuum performance 
Bremsstrahlung measurements – ID31 

 
BS measurements on ID31: extruded aluminum, “15mm” chambers 
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• Machine physics issues and vacuum performance 
Vacuum conditioning – ID6 
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Dynamic pressure (mbar/mA) vs accumulated beam dose (A·h) for three different extruded 
aluminum, “10mm” chambers. 
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• Machine physics issues and vacuum performance 
Machine beamloss detector measurements – ID6 
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BLS#: beam loss detector on dipole #; UNIDOS/BREMS detectors 



Review of Vacuum Chamber Design and Pumping Solutions at the ESRF 
Roberto Kersevan, Vacuum Group, Technical Services Division 

ESRF, 38043 Grenoble FRANCE 
http://www.esrf.fr 

___________________________________________________________________________________________________________ 

• Machine physics issues and vacuum performance 
Bremsstrahlung measurements – ID6 
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Bremsstrahlung measurements on ID6, same chambers as before (courtesy of P. Berkvens, ESRF) 
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• Machine physics issues and vacuum performance 
Machine impedance measurements 
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(courtesy of T. Perron, ESRF) 
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• Machine physics issues and vacuum performance 
Machine impedance measurements (and calculations) 
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(courtesy of R. Nagaoka, SOLEIL)   
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• Machine physics issues and vacuum performance 
NEG-coated ID chambers: storage ring status (IVP#=in-vacuum undulators+2m long Al/NEG Chambers) 
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• R&D 
NEG-coating: Main R&D issue at the ESRF is the NEG-coating of long, narrow ID vessels 
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Schematics and view of NEG-coating facility at ESRF, operational since November ‘02 
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• R&D 
NEG-coating 
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One extruded aluminum, “10mm” CV5073 being coated at the ESRF 
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• R&D 
NEG-coating 
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Coupon holder and insulating ceramic spacers on the bottom of the chamber under coating 
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• R&D 

  
Views of Ti-Zr-V NEG coatings on silicon coupon (courtesy of I. Snigireva, ESRF) 
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